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a frequency dependent feedback device in communication with an output of 
said frequency dependent amplifier and an input of said frequency dependent 
amplifier; and 

an attenuating device in communication with said frequency dependent 
amplifier to attenuate flicker noise [signals having a frequency much less than the 
fundamental frequency]. 

(9 The oscillator of claim 1 wherein said attenuating device has a characteristic 
such that the fundamental frequency is from approximately ten times to twenty 
times a high pass bandwidth of a combination of the frequency dependent amplifier 
and the attenuating device. 

3. The oscillator of claim 1 wherein said amplifier amplifies an input by a 
predetermined gain factor, and wherein said frequency dependent feedback device 
comprises: 

a frequency dependent gain determining in communication with said 
amplifier, wherein a maximum gain of said frequency dependent amplifier occurs at 
the fundamental frequency. 

4. The oscillator of claim 3 wherein said amplifier comprises: 

a pair of cross-coupled MOS transistors having a drain of each of said pair of 
cross-coupled MOS transistors being in communication with a gate of the other of 
said pair of cross-coupled MOS transistors and to a corresponding terminal of said 
frequency dependent gain determining impedance; 

a first current source having a first terminal in communication with a source 
of a first one of said pair of cross-coupled MOS transistors and to a first terminal of 
said attenuating device; and 
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a second current source having a first terminal in communication with a 
source of a second one of said pair of cross-coupled MOS transistors and to a second 
terminal of said attenuating device. 

5. The oscillator of claim 3 wherein said frequency dependent gain determining 
impedance comprises: 

at least one inductor in communication with said amplifier and a first 
terminal of a voltage source; and 

at least one capacitor in communication with said amplifier and a second 
terminal of the voltage source. 

6. The oscillator of claim 4 wherein said attenuating device comprises a 
capacitor. 

'7. J (Amended) [The oscillator of claim 3, further comprising] An oscillator 
having a fundamental frequency and having low phase noise comprising: 

a frequency dependent amplifier; 

a frequency dependent feedback device in communication with an output of 
said frequency dependent amplifier and an input of said frequency dependent 
amplifier; and 

an attenuating device in communication with said frequency dependent 
amplifier to attenuate noise signals having a frequency much less than the 
fundamental frequency, 

wherein said amplifier amplifies an input by a predetermined gain factor, 
and wherein said frequency dependent feedback device comprises: 

a frequency dependent gain determining^ communication with said 
amplifier, wherein a maximum gain of said frequency dependent amplifier occurs at 
the fundamental frequency; 

a second attenuating device, and 
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wherein said amplifier comprises: 

i ^ MOS transistors of a first conductivity type 
. „ pa, of cross. ^MOS ^ ^ ^ ^ 

ha ving , of e ach - - ^ ^ r of ^ first pair of occupied MOB 
determining impedance; 

„„e of said first pair of cross-coupled MOS transit 
A with a second terminal of said attenuating device; 

a ^ current source in J lid 

s econd pair of cross-coupled MOS tutors and vnth 
second attenuating device; and 

. fcurth current source in -^^J^Z* 
■A P ,ond pair of cross-coupled MOS transistors of the secon 
— I ^^secondterrn^ 



first 



2) Tb. oscillator of Cairn 7 wherein said attenuating device compnses 

capacitor. 

said second attenuating device comprises a 



cy The oscillator of claim 7 wherein 
second capacitor. 
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10. (Amended) An LC oscillator having a fundamental frequency and having 
low phase noise comprising: 

a frequency dependent amplifier comprising: 

a pair of cross-coupled MOS transistors of a first conductivity type, a 
drain of each of said pair of cross-coupled MOS being in communication with a gate 
of the other one of said pair of cross-coupled MOS transistors, 

a first current source in communication with a source of one of said 
pair of cross-coupled MOS transistors, and 

a second current source in communication with a source of another of 
said pair of cross-coupled MOS transistors; 

a frequency dependent gain determining circuit comprising 

a first inductor in communication with the drain of said one of said 
pair of cross-coupled MOS transistors and a first terminal of a voltage source, 

a second inductor in communication with the drain of the other of said 
pair of cross-coupled MOS transistors and the first terminal of the voltage source, 

a first capacitor in communication with the drain of said one of said of 
said pair of cross-coupled MOS transistors and a second terminal of the voltage 
source, and 

a second capacitor in communication with the drain of the other of said 
pair of cross-coupled MOS transistors and the second terminal of the voltage source; 
and 

an attenuating circuit in communication with said frequency 
dependent amplifier to reduce [the gain of signals having frequencies less than the 
fundamental frequency to decrease the phase] flicker noise, wherein said 
attenuating circuit comprises a third capacitor in communication with said first and 

V 

\*\ second current sources. 
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11. (Amended) [The LC oscillator of the claim 10] An LC oscillator having a 
fundamental freq uency and having low phase noise comprising: 

a frequency dependent amplifier comprising: 

a pair of cross-cmip led MPS transistors of a first conductivity typ e, a 
drain of each of said pair of cross-cou p led MPS being in communication with a g at* 
of the other one of s aid pair of cross-coupled MPS transistors. 

a first current source in communication with a source of one of said 
pair of cr oss-coupled MPS transistors, and 

a second current source in c ommunication with a source of another of 
said pair of cross-coupled MPS transistors; 

a frequency dependent gain determining circuit comp rising 

a fi rst inductor in communication with the drain of said one of said 
pair of cross-coupled MPS transistors and a first terminal of a voltage source. 

a second inductor in communi cation with the drain of the other of said 
pair of cross-coupled MPS transistor s and the first terminal of the voltage source 

a first capacitor in communica tion with the drain of said one of said of 
said pair of cross-coupled MPS tran s istors and a second terminal of the voltag e 
source, and 

a second capacitor in communi cation with the drain of the other of said 
pair of cross-coupled MPS transistors a nd the second terminal of the voltage source; 
-and 



an attenuating circuit i n communication with said frequency dep endent 
amplifier to reduce the gain of signal s having frequencies less t han the fundamental 
frequency to decrease the phase noi s e, wherein said attenuating circuit comprises a 
third capacitor in communication with said first and second current sources, 

wherein said attenuating device has a characteristic such that the 
fundamental frequency is from approximately ten times to twenty times a high pass 
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attenuating device. 
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12 tended) [The LC oscillator of the claim 
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wherein said amplifier further comprises: 

a second pair of cross-coupled MOS transistors of a second conductivity 
type each having a drain connected to a gate of the other of second pair of cross- 
coupled MOS, 

a third current source in communication with a source of one of said 
second pair of cross-coupled MOS transistors, and 

a fourth current source in communication with a source of the other of 
said second pair of cross-coupled MOS. 

13 The LC oscillator of claim 12 wherein said attenuating circuit further 
comprises a fourth capacitor in communication with said third and fourth current 
sources. 

14. (Amended) An RF communication device comprising: 

an oscillator having a fundamental frequency and having low phase noise 
comprising: 

a frequency dependent amplifier; 

a frequency dependent feedback device in communication with an 
output of said frequency dependent amplifier and an input of said frequency 
dependent amplifier; and 

an attenuating device in communication with said frequency dependent 

-^mw-^m^^m^noi^^-^e-^ ^ much lcss the 



fundamental frequency. 

15. (Amended) [The RF communication device of claim 14] An_RF 
rnmmunicfltinn device comprising: 

-ill— -~ T • «"*"-ntnl ft"""-* a " d h " h "' '" W PhaSe n " iSe 

com prising: 
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afreauencxdeEenden^^ 

^^^^ 
Hrpn1 ,w. amplifier; and 

fondainenMfre9Jiea£^ 

j • Q w a characteristic such that tne 
wherein said attenuating device has a cnara 

wherein nnnroxi mately ten times to twenty times a high pass 

fundamental frequency is from approximately t 

bandwidth of a combination of the frequency dependent amphfie 
attenuating device. 

(tended) fThe RF —cation device of c.ai m U, Aa_M 

communjc^tioiLdevi^ comprising: 

aIU!§ eiU afc hMi B ^^ 
pnmprising: 

Q freq uency > lftp«Tident amplifier; 
^ppmtant amplifierLand 

frr.damftntal frequency. 

herein said device copses an — e, - - <^ 
a carrier osciUator to provide a carrier fre q uencv SIg nai for 

transmitter. 



\ 
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17 The RF conjunction device of claim 15 wherein said device compnses an 
RF receiver and said oscillator comprises a local oscillator to demodulate a earner 
frequency signal received by said EF receiver. 

18 The RF communication device of claim 15 wherein said ampUfier amplifies an 
input signal by a predetermined gain factor, and wherein said frequency dependent 
feedback device comprises: 

a frequency dependent gain determining impedance in communication with 
said amplifier, wherein a maximum gain of said frequency dependent ampUfier 
occurs at the fundamental frequency. 

19. The RF communication device of claim 18 wherein said amplifier comprises: 

a pair of cross-coupled MOS transistors having a drain of each of said pair of 
cross-coupled MOS transistors being in communication with a gate of the other of 
said pair of cross-coupled MOS transistors and to a corresponding termmal of sam 
frequency dependent gain determining impedance; 

a first current source having a first terminal in communication with a source 
of a first one of said pair of cross-coupled MOS transistors and with a first terrmnal 
of said attenuating device; and 

a second current source having a first terminal in communication with a 
source of a second one of said pair of cross-coupled MOS transistors and w,th a 
second terminal of said attenuating device. 

20. The RF convocation device of claim 18 wherein said frequency dependent 
gain determining impedance comprises: 

at least one inductor in communication with said amplifier and a first 
terminal of a voltage source; and 

at least one capacitor in communication with said amplifier and a second 
terminal of the voltage source. 
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21. The RF communication device of claim 19 wherein said attenuating device 
comprises a capacitor. 

22. The RF communication device of claim 19 further comprising a second 
attenuating device, and wherein said amplifier comprises: 

a first pair of cross-coupled MOS transistors of a first conductivity type 
having a drain of each of said first pair of cross-coupled MOS transistors being in 
communication with a gate of the other of said first pair of cross-coupled MOS 
transistors and to a corresponding terminal of said frequency dependent gain 
determining impedance; 

a first current source in communication with a source of one of said first pair 
of cross-coupled MOS transistors of the first conductivity type and with a first 
terminal of said attenuating device; 

a second current source in communication with a source of a second one of 
said first pair of cross-coupled MOS transistors of the first conductivity type and 
with a second terminal of said attenuating device; 

a second pair of cross-coupled MOS transistors of a second conductivity type 
wherein a drain of each of said second pair of cross-coupled MOS transistors is 
connected to a gate of the other of said second pair of cross-coupled MOS transistors 
and to one terminal of said frequency dependent gain determining impedance; 

a third current source in communication with a source of one of said second 
pair of cross-c"iip1gd MOS transis tors and with a first terminal of said second 
attenuating device; and 

a fourth current source in communication with a source of the other of said 
second pair of cross-coupled MOS transistors of the second conductivity type and to 
a fourth second terminal of said second attenuating device. 

23. The RF communication device of claim 22 wherein said attenuating device 
comprises a first capacitor. 

11 

U:\Legal\ejanofsky\patapp\Mp0018\MP0018 Amendment A-doc 
Customer No. 23624 



PATENT 

09/699772 

MP ° 018 • * 22 wherein said second attenuating 

24. The RF communication device of claim 22 wherein 



device comprises a second capacitor 



. fi^intr apparatus having low phase noise 
25. (Amended) A frequency transforming appara 

comprising: 

. fat escalator having a first fundamental frequency comprismg: 
a first frequency dependent amplifier, 

a first frequency dependent feedback device in "°>»^£Z 

frequency dependent amplifier; and 

a first attenuating device in communication with said ^^j^j^^*^^^ 

the first fundamental frequency; 

. second oscillator having a second fundamental frequency comprismg: 
a second frequency dependent amplifier; 

. second frequency decent feedback device in — ^ 
^tput of said secondfrequency dependent amplifier and anmput of 

frequency dependent amplifier; and 

a second attenuating device in communication ^ said second 

„ decent amplifier to attenuate noise signais having a frequency much 

— less than-the-second-fund amental frequency; and 



an-t-he-secQiiu-im^ »" w ± 

oscillator, said frequency dependent coupling circuit compnsmg. 

a third frequency amplifier, and 
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a [second] third attenuating device in communication with said third 
frequency dependent amplifier to attenuate noise signals having frequencies much 
less than the third fundamental frequency. 

26. The frequency transforming apparatus of claim 25 wherein said first and 
second attenuating devices each have a respective characteristic such that the first 
and second fundamental frequencies are from approximately ten times to twenty 
times a high pass bandwidth of a respective combination of said first and second 
frequency dependent amplifiers, said first and second attenuating devices and said 
third frequency dependent amplifier and said third attenuating device. 

27. The frequency transforming apparatus of claim 25 wherein said first, second 
and second frequency dependent amplifiers each amplifies an input by a respective 
predetermined gain factor, 

wherein said first frequency dependent feedback device comprises: 

a first frequency dependent gain determining impedance in 
communication with said first amplifier, wherein a first maximum gain of said first 
frequency dependent amplifier occurs at the first fundamental frequency, and 
wherein said second frequency dependent feedback device comprises: 

a second frequency dependent gain determining impedance in 
communication with said second amplifier, wherein a second maximum gain of said 
second frequency dependent amplifier occurs at the second fundamental frequency. 

28. The frequency transforming apparatus of claim 27 
wherein said first amplifier comprises: 

a first pair of cross-coupled MOS transistors having a drain of each of 
said first pair of cross-coupled MOS transistors being in communication with a gate 
of the other of said first pair of cross-coupled MOS transistors and to a 
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. • Q i nf said first frequency dependent gain 
corresponding terminal ot said 

impedance; . . , 

u w o first terminal in communication with a 

* first current source having a first terrain* 

firsttermmalofsaidfirstattenuatingdeviceiand 

a second current source having a first terminal in — fon- 

a second terminal of said first attenuating device, and 

wherein said second amplifier comprises: 

a second pair of cross-coupled MOS transistors having a drain of each 
I f « coupled MOS transistors teing in communication w,th a 
of said second pan- of cross-coupled MO aod to 

gate of the other of said second parr of mss coup 
corresponding terminal of said second frequency dependent g 

impedance; # , 

• a third current source having a first terminal in communrcat.or , wr h 

firstterminalofsaidsecondattenuatingdevice^nd 

, • « TC t fprminal in communication witn 
a fourth current source having a first terminal j 

a sou rce of a Id one of said second pa, of cross-coupled MOS — s and 
with a second terminal of said second attenuating dev.ce. 

29 The frequency transforming apparat ^im^wherein^of 
lecondfre,uencydependentgamdeterminingi m pedancec„mpn.s 

atleastonemductorin—icationwitharespectiveoneofsa.dfirstand 

second amplifiers and a first terminal of a voltage source; and 

at least one capacitor in communicaUon with said a respective one of sam 
firs t and second amplifiers and a second tormina, of the voltage source. 



a 



a 
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30. The frequency transforming apparatus of claim 29 wherein the first, second 
and third attenuating devices each comprises a capacitor. 

31. The frequency transforming apparatus of claim 27 wherein said first and 
second oscillators each comprise another attenuating device, 

wherein said first and second amplifiers each comprises: 

a first pair of cross-coupled MOS transistors of a first conductivity type 
having a drain of each of said first pair of cross-coupled MOS transistors being in 
communication with a gate of the other of said first pair of cross-coupled MOS 
transistors and to a corresponding terminal of a respective one of said frequency 
dependent gain determining impedances; 

a first current source in communication with a source of one of said 
first pair of cross-coupled MOS transistors of the first conductivity type and with a 
first terminal of a respective one of said attenuating devices; 

a second current source in communication with a source of a second 
one of said first pair of cross-coupled MOS transistors of the first conductivity type 
and with a second terminal of a respective one of said attenuating devices; 

a second pair of cross-coupled MOS transistors of a second conductivity 
type wherein a drain of each of said second pair of cross-coupled MOS transistors is 
connected to a gate of the other of said second pair of cross-coupled MOS transistors 
and to one terminal of a respective one of said frequency dependent gam 
determiningimpedanees^ 



. third current source in communication with a source of one of said 
second pair of cross-coupled MOS transistors and with a first terminal of a 
respective one of said other attenuating devices; and 

a fourth current source in communication with a source of the other of 
said second pair of cross-coupled MOS transistors of the second conductivity type 
and to a fourth second terminal of a respective one of said other attenuating dev.ce. 
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32. The frequency transforming apparatus of claim 31 wherein said attenuating 
device and said other attenuating device each comprises a first capacitor. 

33. The frequency transforming apparatus of claim 32 wherein said attenuating- 
device and said other attenuating device each comprises a second capacitor. 

34. The frequency transforming apparatus of claim 25 wherein said frequency 
dependent coupling circuit is selected from the group of coupling circuits consisting 
of phase shifters, frequency mixers, frequency shifters, modulators, and 

demodulators. 

35. (Amended) A multiple frequency oscillation circuit having low phase noise, 
comprising: 

a first oscillator having a first fundamental frequency comprising: 
a first frequency dependent amplifier; 

a first frequency dependent feedback device in communication with an 
output of said first frequency dependent amplifier and an input of said first 
frequency dependent amplifier; and 

a first attenuating device in communication with said first frequency 
dependent amplifier to attenuate noise signals having a frequency much less than 
the first fundamental frequency; 

a second oscillator having a second fundamental frequency comprising: 
a second frequency dependent amplifier; 

a second frequency dependent feedback device in communication with 
an output of said second frequency dependent amplifier and an input of said second 
frequency dependent amplifier; and 

a second attenuating device in communication with said second 

frequency dependent amplifier to attenuate noise signals having a frequency much 

less than the second fundamental frequency; and 
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a frequency dependent coupling circuit having a third fundamental frequency 
in tuition with an output of the fir, oscillator and an input of the second 
oscillator, said frequency dependent coupling circuit compnsmg: 
a third frequency amplifier, and 

a ,secondl third attenuating device in communication with said third 
frequency dependent amplifier to attenuate noise signals having frequencies much 
less than the third fundamental frequency. 

36 The multiple frequency oscillation circuit of claim 35 said first and second 
aLTing devices each has a respective characteristic such that the first and 

Z P- bandwidth of a respective combination of said first and second „ 
Indent amplifiers, said first and second attenuating devices and -d *od 
frequency dependent amplifier and said third attenuating dev 1C e. 

37 The multiple frequency osculation circuit of claim 35 wherein said first 
second and second frequency dependent amplifiers each amplifies an mput by a 
respective predetermined gain factor, 

wherein said first frequency dependent feedback device comprises: 

a first frequency dependent gain determining impedance m 
-^unication-v,th-s^ wherein a first maximum gain of sa.d first 

frequency dependent amplifier occurs at the first fundamental frequency, and 
wherein said second frequency dependent feedback device comprises: 

a second frequency dependent gain determining impedance m 
communication with said second amplifier, wherein a second maximum gain of sam 
^frequency dependent amp.ifier occurs at the second fundamenta, frequency 
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lla tion circuit of claim 37 wherein said first 
38. The multiple frequency oscillation circuit 

amplifier comprises: 

• f „ coupled MOS transistors having a drain of each of said 
a first pair of cross-coupled mud 

W MOS transistors being in communication with a g 

terrmnalofsaidfirstattenuatingdevice;and 

,. •„,> first terminal in communication with a 

second tenninal of said first attenuating device, and 
wherein said second amplifier comprises: 

. second pair of cross-coupled MOS transistors having a drain of each 

W MOS transistors being in communication with a 
of said second pair of cross-coupled MOS trans ^ ^ 

ga te of the other of said second pair of «~»»«"^ determining 
corresponding terminal of said second frequency dependent , 

^ rf .«^^^--^^ , -- ,, -■ ,,d,,,,,, ' 

firs^tenninal-of- said second attenuating device; and 

v first terminal in communication with 

„ f™irth current source having a nrst termiu 
. source of ^ one - - second pair of crossed MOS transistors and 
with a second terminal of said second attenuating device. 
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at least one inductor in communication with a respective one of said first and 
second amplifiers and a first terminal of a voltage source; and 

at .east one capacitor in communication with said a respective one of «d 
first and second amplifiers and a second terminal of the voltage source. 

40 The multiple frequency oscillation circuit of claim 39 wherein said first, 
second and third attenuating devices each comprises a capactor. 

41 The multiple frequency oscillation circuit of claim 37 wherein said first and 
second oscillators each comprises another attenuating dev.ce, 

wherein said first and second amplifiers each comprises: 

a first pair of cross-coupled MOS transistors of a first conductivity type 
having a drain of each of said first pair of cross-coupled MOS transistors being m 
Location with a gate of the other of said first pair of ^£ 
transistors and to a corresponding terminal of a respective one of sard frequency 
dependent gain determining impedances; 

a first current source in communication with a source of one of saxd 
flrs t pair of cross-coupled MOS transistors of the first conductivity type and w,th a 
first terminal of a respective one of said attenuating devces; 

a second current source in communication with a source of a second 
one of said first pair of cross-coupled MOS transistors of the first conductivity type 

-^d-with-a.econd-teminal-ota rM pective one of said attenuating devces; 

a second pair of cross-coupled MOS transistors of a second conducfvty 
type whereby a drain of each of said second pair of cross-coupled MOS transistors „ 

and to one terminal of a respective one of said frequency dependent gam 
determining impedances; 
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a third current source in communication with a source of one of said 
second pair of cross-coupled MOS transistors and with a first terminal of a 
respective one of said other attenuating devices; and 

a fourth current source in communication with a source of the other of 
said second pair of cross-coupled MOS transistors of the second conductivity type 
and to a fourth second terminal of a respective one of said other attenuating devxce. 

42. The multiple frequency oscillation circuit of claim 41 said attenuating device 
and said other attenuating device each comprises a first capacitor. 

43 The multiple frequency oscillation circuit of claim 42 wherein said 
attenuating device and said other attenuating device each comprises a second 
capacitor. 

44 The multiple frequency oscillation circuit of claim 35 wherein said frequency 
dependent coupling circuit generate phase shifte of the first and second 
fundamental frequencies. 



45 The multiple frequency oscillation circuit of claim 44 wherein the first and 
second fundamental frequencies 90° out of phase. 

a first oscillator having a first fundamental frequency comprising: 
a first frequency dependent amplifier device; 

a first frequency dependent feedback device in communication with an 
output of said first frequency dependent amplifier and an input of said first 
frequency dependent amplifier to feed a portion of an amplified signal having the 
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and 

a first attenuating device in communication with said first frequency 
dependent gain amphfier for reducing the gain of said first frequency dependent 
amplifier for signals having frequencies much less than the first fundamenta, 
frequency to decrease said phase noise; and 

a first frequency dependent coupling circuit having a second fundamental 
frequency having an input in communication with the output ofthe first frequency 
dependent amplifier, said first frequency dependent coupling circuit compnsmg: 
a second frequency dependent amplifier, and 

a second attenuating device in communication with said second 
frequency dependent amplifier for reducing the gain of said frequency dependent 
amplifier for signals having frequencies much less than said second fundamental 
frequency to decrease said phase noise; 

a second oscillator to generate a second fundamental signal having a third 
fundamental frequency having low phase noise, in communication with an output of 
the second frequency dependent amplifier, and said second oscillator compnsmg: 
a third frequency dependent amplifier; 

a third frequency dependent feedback device in communication with an 
output of said third frequency dependent amphfier and an input of sa,d thud 
-frequency-dependent-amplifier to feed a portion of an ampUfied signal havmg the 
third fundamental frequency to an input of said third frequency dependent 

amplifier; and 

a third attenuating device in communication with the third frequency 
dependent amplifier for reducing the gain of said third frequency dependent 
amplifier for signals having frequencies much less than the thu-d fundamental 

frequency to decrease the phase noise; and 
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a second frequency dependent coupling circuit having a fourth fundamental 
frequency having an input in communication with the output of said third frequency 
dependent amplifier and the input of said first frequency dependent such that a 
phase of the third fundamental frequency is reversed relative to a phase of the first 
fundamental frequency, and comprising: 

a fourth frequency dependent amplifier, and 

a fourth attenuating device in communication with said second 
frequency dependent amplifier for reducing the gain of said fourth frequency 
dependent amplifier for signals having frequencies much less than sa,d fourth 
fundamental frequency to decrease the phase noise. 

47 The quadrature oscillator circuit of claim 46 wherein said first, second, third 
and fourth attenuating devices each has a characteristic such that the first, second, 
third and fourth fundamental frequencies are each from approximately ten tunes to 
twenty times a high pass bandwidth of a respective combination of sard first 
frequency dependent amplifier and said first attenuating device and of sa.d thn-d 
frequency dependent amplifier and said third attenuating dev 1C e. 



48 The quadrature oscillator circuit of claim 46 wherein said first, second, tlurd 
and fourth frequency dependent amplifiers each amplify an input signal by 
res pective predetermined gain factors, wherein said first, second, third and fourth 
frequency dependent each comprises: 

a frequency dependent gain determining impedance in communication with a 
corresponding one of said first, second, third and fourth frequency dependent 
amplifiers, wherein the maximum gain of each of said corresponding one of sa.d 
first second, third and fourth frequency dependent amplifiers, occurs at a 
respective one of the first, second, third and fourth fundamental frequences. 
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49. The quadrature escalator circuit ef claim 48 wherein each of said first, 
second, third and fourth amplifiers comprises: 

a pair of cross-coupled MOS transistors whereby a drain of each of pair of 
cross-coupled MOS transistors is in communication with a gate of another one of 
said pair of cross-coupled MOS transistors and said frequency dependent gam 
determining impedance; 

a first current source in communication with a source of one of said pair of 
cross-coupled MOS transistors and to a first terminal of a voitage source and to a 
Tst terlal of a respective one of said first, second, third and fourth attenuatmg 
devices; and 

a second current source in communication with a source of the other one of 
said pair of cross-coupled MOS transistors and to a first tenntoa. of a respect one 
of said first, second, third and fourth attenuating devices. 

50 The quadrature oscillator circuit of claim 48 wherein each of said first, 
second, third and fourth frequency dependent gain determining impedances 

comprises: 

at least one inductor to communication with of a respective one of said first, 
second, third and fourth amplifiers and a second terminal of the voltage source; and 

at least one capacitor to communication with of a respective one of said first, 
second, third and fourth amplifiers and a third terminal of the voltage source. 

51 The quadrature oscillator circuit of claim 50 wherein each of said first, 
second, third and fourth attenuating devices comprises a capactor. 

52. The quadrature oscillator circuit of claim 48 wherein each of said first, 
second, third and fourth amplifiers comprises: 
an additional attenuating device; 
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a first cross-coupled pair of MOS transistors of the first conductivity type 
having a drain of each of said first cross-coupled pair of MOS transistors m 
communication with a gate of the other of said first cross-coupled pair of MOS 
transistors and to a terminal of a respective one of said first, second, third and 
fourth frequency dependent gain determining impedances; 

a first current source in communication with a source of one of said first 
cross-coupled pair of MOS transistors and to a first terminal of a respective one of 
said first, second, third and fourth attenuating devices; 

a second current source in communication with a source of the other said first 
cross-coupled pair of MOS transistors and to a terminal of a respective one of sa>d 
first, second, third and fourth attenuating devices; 

a second cross-coupled pair of MOS transistors of the second conductivity 
type have a drain of each of second cross-coupled pair of MOS transistors « 
communication with a gate of the other of second cross-coupled pair of MOS 
transistors and to the first terminal of a respective one of said first, second, thu-d 
and fourth attenuating devices; 

a third current source in communication with a source of one of said second 
cross-coupled pair of MOS transistors and to a first terminal of said additional 
attenuating device; and 

a fourth current source in communication with a source of the other of said 
second cross-coupled pair of MOS transistors and to a second terminal of sa.d 
additional attenuating device. 

53. The quadrature oscillator circuit of claim 52 wherein said first, second, third 
and fourth attenuating devices each comprises a first capacitor. 

54. The quadrature oscillator circuit of claim 52 said additional attenuating 
device comprises a second capacitor. 
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55 The quadrature oscillator circuit of claim 46 whereto said second frequency 

dependent coupling circuit generates a phase shift of the second fundamental 

frequency. 

56. (Amended) A differential amplifier possessing low phase noise, comprising: 

a first transistor having a first terminal to receive an in- P hase signal, and a 
second terminal to provide an out-of-phase signal; 

a second transistor having a first terminal to receive the out-of-phase signal, 
and a second terminal to provide the in-phase signal; 

a first biasing source in communication with a third terminal of said first 
transistor and a first terminal of a voltage source; 

a second biasing source in communication with a third terminal of the second 
transistor and the first terminal of the voltage source; and 

a capacitor in communication with the third terminal of said first transistor 
and the third terminal of said second transistor, said capacitor decreases gam of 
said differential amplifier, [at low frequencies to eliminate phase] flicker no 1S e 
components from the in-phase and the out-of-phase signals. 

57. (Amended) [The differential amplifier of claim 56] A^nm^m^ 
p^c^c;^ low phase noise, comprising: 

ajirsttra^^ 
e *~*nA terminal tn prnvrdeWoTTt^phase signah 



. ^ transistor havin^afir^tte^i nal to receive the cmt^gha^s^ 
on^ a semnd ter-"^ *" ™-ovide the in-phase signal; 

jJkJjli 3j^~ ^.mention with a thirdjeq^r^^ 
tv^stor and » first, terminal of a voltage source; 

„dj» 
,,o^ g tnr and the w terminal of the vnltape source; and 
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a ra paritor in communication with the third ter minal of sa id first transistor 

and the third terminal of said second tr a nsistor, said capacitor decreases gain of 

said differential amplifier at. low frequen c ies to eliminate phase noise components 

from the in -phase and the out-of -phase signals, 

wherein a high pass bandwidth of said differential amplifier is determined as 

follows: 



2nCc 

where: 

BW is the high pass bandwidth, 

g m is the transconductance of said first and second transistors as 
measured at the third terminals, and 

Cc is the value of said capacitor, 
wherein the high pass bandwidth is less than a cutoff frequency of a circuit 
employing said differential amplifier. 

58. The differential amplifier of claim 57 wherein the cutoff frequency of the 
circuit containing said differential amplifier is from approximately 10 times to 
approximately 20 times the high pass bandwidth of said differential amplifier. 

59. The differential amplifier of claim 56 wherein said first and second 
transistors are selected from the group of transistors consisting of NMOS 
transistors, PMOS transistors, and bipolar transistors. 

60. The differential amplifier of claim 56 wherein said first and second biasing 
sources are selected from the group of biasing sources consisting of current sources 
and resistors. 
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61. (Amended) An oscillator having a fundamental frequency and having low 
phase noise comprising: 

frequency dependent amplifier means for amplifying a signal; 

frequency dependent feedback means for providing feedback to said 
frequency dependent amplifying means; and 

attenuating means for attenuating flicta noise signals [having a frequency 
much less than the fundamental frequency]. 

62. (Amended) A method of generating a signal having a fundamental 
frequency with low noise comprising the steps of: 

(a) amplifying a signal; 

(b) providing feeback to step (a); and 

(c) attenuating flicker^oise_the signal in step (a) [having a frequency 
much less than the fundamental frequency]. 

63. (Amended) An LC oscillator having a fundamental frequency and having 
low phase noise comprising: 

a frequency dependent amplifier comprising: 

a pair of cross-coupled MOS transistors of a first conductivity type, a 
drain of each of said pair of cross-coupled MOS being in communication with a gate 
— of-the other-one-of-said-pair_of_cross-coupled MOS transistors, 



a first current source in communication with a source of one of said 
pair of cross-coupled MOS transistors, wherein said first current source comprises a 
first programmable resistance, and 

a second current source in communication with a source of another of 
said pair of cross-coupled MOS transistors, wherein said second current source 
comprises a second programmable resistance; 
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a capacitance in communication with a the sourc e of the one of said 

pair of cross-coupled MPS transistors and the so urce of another of said pair of cross- 
coupled MPS transistors to filter flicker noise; 

a frequency dependent gain determining circuit comprising 

a first inductor in communication with the drain of said one of said 
pair of cross-coupled MPS transistors and a first terminal of a voltage source, 

a second inductor in communication with the drain of the other of said 
pair of cross-coupled MPS transistors and the first terminal of the voltage source, 

a first capacitor in communication with the drain of said one of said of 
said pair of cross-coupled MPS transistors and a second terminal of the voltage 
source, and 

a second capacitor in communication with the drain of the other of said 
pair of cross-coupled MPS transistors and the second terminal of the voltage source. 

64. (Amended) [The LC oscillator of the claim 63,] An LC oscillator having a 
fundamental frequency and having low p hase noise comprising: 

a frequency dependent amplifier comprising: 

a pair of cross-coupled MPS transistors of a first conductivity type, a 
drain of each of said pair of cross-coupled MPS being in communication with a gate 
of the other one of said pair of cross-coup led MPS transistors. 
a-first-eurrent-source4n-communication_witlLa source of one of said 



pair of cross-coupled MPS transistors, wherein said first current source comprises a 
first programmable resistance, and 

a second current source in communication with a source of another of 
said pair of cross-coupled MPS transistors, wherein s aid second current source 
comprises a second programmable resistance; 

a frequency dependent gain determining cir cuit comprising 
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a first, inductor in rnmmunicat ion with the drain of said one of said 
pa ir of cross-cou p 1 ^ MOS tran s^"™ *md a first terminal of a voltage source, 

a g ^nnH inductor in .^municati nn with the drain of the other of said 
p ,ir of cross-couP^H MPS transis ^ *nd the first terminal of the voltage source, 

a first ^nacitor in mmmunicat i nn with the drain of said one of said of 
s,iH pair of crp s*-™n p1ed MP S trustors and a second terminal of the voltage 
source, and 

a spmnd canacitnr in rnmmunic ^inn with the drain of the other of said 
pfl ir nf cross-coup^ MPS transi s ^rs ,nd the second terminal of the voltage source, 
wherein the first current source comprises a first inductor in communication 
with said first programmable resistance, and wherein the second current source 
comprises a second inductor in communication with said second programmable 
resistance. 

65. (Amended) An LC oscillator having a fundamental frequency and having 
low phase noise comprising: 

a frequency dependent amplifier comprising: 

a pair of cross-coupled MPS transistors of a first conductivity type, a 
drain of each of said pair of cross-coupled MPS being in communication with a gate 
of the other one of said pair of cross-coupled MPS transistors, 

a first, curren t source in communication with a source of one of said 



pair of cross-coupled MPS transistors, wherein said first current source comprises a 
first programmable inductance, and 

a second current source in communication with a source of another of 
said pair of cross-coupled MPS transistors, wherein said second current source 
comprises a second programmable inductance; 
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, ^panitance in c o nniration with a the source of the one of said 

pair of rross-cour^H MPS transi t™ anf * bouiw of another of said pair of cross- 
cou pled MPS transisto rs to filter flicker noise; 

a frequency dependent gain determining circuit comprising 

a first inductor in communication with the drain of said one of said 
pair of cross-coupled MOS transistors and a first terminal of a voltage source, 

a second inductor in communication with the drain of the other of said 
pair of cross-coupled MOS transistors and the first terminal of the voltage source, 

a first capacitor in communication with the drain of said one of said of 
said pair of cross-coupled MOS transistors and a second terminal of the voltage 
source, and 

a second capacitor in communication with the drain of the other of said 
pair of cross-coupled MOS transistors and the second terminal of the voltage source. 

66. (Amended) |The LC oscillator of the claim 10] An T,C oscillator having a 
fundamental frenuencv an d having low phase noise comprising: 
a freq uency d e pendent am plifier comprising : 

« pair nf cross-co "p1»d MOS tra ™«fa»m "f * first conductivity type, a 
drain of each of ™H "f cross- coupled MOS beinf in communication with a gate 
nf the other ™p of said pair nf rrnss-counled MOS transistors, 
a -W,-rnrrent-^^e-in-comr niiniration with a source of one of said 



pair of cross-coupled M PS transistors, and 

u spmnd current *™r°» in com munication w ith a source of another of 
said pair of rross-couple ^ MPS transistors: 

n freq uency depende nt pain determining circuit comprising 

» first, inductor cnmmunicati n n with the drain of said one of said 
ra ir nf cmss-cou pW MPS transi ts and a first terminal of a voltage source, 
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a second inductor in communication with the drain of the other of said 

pair of cross-co u pled MPS trustors and the first terminal of the voltage source, 

a first capacitor in communication wit h the drain of said one of said of 

said nair of cross-coupled MPS transist o rs and a second terminal of the voltage 

source, and 

a second capacitor in communication w ith the drain of the other of said 
pair of cross-counled MPS transistors and the second terminal of the voltage source; 
and 

an attenuating circuit in com m unication with said frequency dependent 
amplifier to reduce the gain of signals havin g freq uencies less than the fundamental 
frenuencv to decrease the phase noise, wh e rein said attenuating circuit comprises a 
third capacitor in communication with said first and second current sources, 

wherein said first current source comprises a first programmable resistance, 
and wherein said second current source comprises a second programmable 
resistance. 

67. The LC oscillator of the claim 10, wherein said first current source comprises 
a first programmable inductance, and wherein said second current source comprises 
a second programmable inductance. 
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